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Summary  Bone  loss  (BL)  is  frequent  during  revision  total  knee  arthroplasty  (TKA).  It  is  under-
estimated  in  X-rays.  Most  classiﬁcations  distinguish  contained  from  uncontained  BL  but  the  most
frequently used  classiﬁcation  is  that  of  Engh,  which  does  not  take  into  account  this  element.
Reconstruction  should  result  in  resistant  support  for  the  revision  TKA.  It  helps  correct  malalign-
ment, restore  satisfactory  ligament  tension  and  height  of  the  joint  line.  Several  techniques  have
been suggested:  cement,  augments,  bone  grafts,  modular  metaphyseal  sleeves  and  cones  and
megaprostheses.  Cement  is  only  used  with  small  BL,  especially  in  elderly  patients.  Augments
allow rapid  ﬁlling  of  small  peripheral  BL  with  good  mid-term  results  but  frequent  radiolucent
lines. Morselized  allografts  can  be  incorporated  and  remodeled.  They  are  a  good  alternative  in
young patients.  Structural  allografts  are  resistant  but  there  is  a  risk  of  fracture  and  resorption.
Modular metaphyseal  sleeves  and  cones  incorporate  with  host  bone  and  are  attached  to  the
prosthesis by  a  mechanical  interface  or  cement.  They  may  also  be  more  durable.  Megapros-
theses are  only  indicated  in  severe  BL  in  elderly  subjects.  Reconstruction  is  just  one  aspect  of
revision TKA  and  it  should  respect  the  technical  requirements  of  the  procedure  in  particular
ﬁxation with  a  stem,  which  is  important  in  determining  the  outcome  of  reconstruction.
© 2013  Published  by  Elsevier  Masson  SAS.
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mone  loss  (BL)  is  frequent  during  revision  TKA,  because  of
revious  bone  resections,  migration  of  hardware,  osteolysis,
ifﬁcult  extraction  of  components,  infection  or  peripros-
hetic  fracture.  Epiphyseal  osteopenia  may  also  be  present.
The  most  frequently  used  classiﬁcation  of  BL  is  that  of
ngh  [1].
Reconstruction  should  result  in  strong  stable  support  of
he  new  prosthesis  and  harmonious  transfer  of  load  to  the
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ttp://dx.doi.org/10.1016/j.otsr.2012.11.009one.  It  helps  correct  malalignment,  restore  satisfactory
ension  in  soft  tissues  and  level  of  the  joint  line  (JL).
Numerous  techniques  exist:  cement,  augments,  bone
rafts,  modular  metaphyseal  sleeves  and  cones,  and
egaprostheses.
lassiﬁcationL  is  underestimated  on  X-rays,  especially  of  the  femur.
steolysis  is  visualized  more  effectively  with  oblique  view  X-
ays  and  CT  scan  which  is  required  in  every  case.  Therefore,
.
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tFigure  1  Engh  classiﬁcation:  a:  T
greater  bone  loss  should  be  expected  during  revision  surgery
than  that  seen  on  imaging.
BL  can  be  contained  (or  central)  or  uncontained  (or
peripheral).
Engh  classiﬁcation
Engh  classiﬁed  BL  into  three  types  for  the  tibia  (T1,  T2,  T3)
and  femur  (F1,  F2,  F3),  based  on  X-rays  and  surgical  ﬁndings
(Fig.  1):
•  type  1:  minimum  BL,  normal  height  of  the  JL,  normal
development  of  the  posterior  condyles,  tibial  component
proximal  to  the  ﬁbular  head;
•  type  2:  cancellous  BL  involving  only  one  tibial  or  femoral
condyle  (type  2A)  or  both  (2B):  too  proximal  JL  and/or
reduced  development  of  the  proﬁle  of  the  posterior
condyles  and/or  tibial  component  above  the  ﬁbular  head;
• type  3:  BL  involving  most  of  the  tibial  or  femoral  condyle,
which  may  detach  the  patellar  ligament  or  a  collateral
ligament.This  is  the  most  frequently  used  classiﬁcation  but  does
not  take  into  account  the  contained  or  uncontained  aspect
of  BL  or  diaphyseal  BL.
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Figure  2  SOFCOT
From  Burdin  P.  Reprises  de  prothèses  totales  du  genou.  In:  Bu;  b:  T2B,  F1;  c:  T1,  F2B;  d:  T3,  F3.
OFCOT  2000  symposium  classiﬁcation
his  classiﬁcation  evaluates  bone  stock  based  on  bone  cuts
Fig.  2)  using  three  parameters  [2]:
 grades  A,  B,  or  C  depending  on  the  level  of  the  area  of
bone  where  the  new  prosthesis  will  be  placed.  Grade  is
followed  by  M  if  prosthesis  support  is  medial  in  this  zone
(A,  B  or  C),  L  if  lateral  or  ML;
condition  of  the  bone  surface:  contained  BL,  central
(1  point)  or  excentric  (2  points),  or  uncontained  BL  (6
points);
depth  index  of  uncontained  BL:  if  it  is  in  the  same  area  as
that  for  the  grade,  it  is  a for  grade  A.  .  . If it  is  more  distal,
it  is  b  or  c  for  grade  A.  .  .
d  for  diaphyseal  involvement.
For  the  femur  there  is  also  a  score  for  the  posterior
ondyle:  0  (no  BL),  1  (uncontained  BL)  or  2  points  (uncon-
ained  BL  with  distal  BL).iaphyseal  BL  by  Steens  et  al.
teens  et  al.  has  proposed  a  classiﬁcation  of  diaphyseal  BL,
dapted  to  stem  revision  prostheses  [3].
 classiﬁcation.
rdin  P,  Huten  D,  editors.  Paris:  Elsevier;  2003,  p.  13—5.
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pFigure  3  Offset  tibial  stem;  hybrid  cementing.
rinciples of revision TKA
econstruction  of  bone  loss  is  just  one  step  in  revi-
ion  surgery,  and  certain  technical  requirements  must  be
espected  for  long-term  implant  survival:
 satisfactory  alignment;
 creating  (except  for  hinged  prostheses)  two  equal  rectan-
gular  ﬂexion  and  extension  gaps  with  balanced  ligament
tension;
 choice  of  the  smallest  possible  prosthetic  constraint;
 stable  ﬁxation  with  a  stem  that  transfers  load  to  the  dia-
physis.
Experimentally:
 a  70-mm  cemented  stem  carried  28—38%  of  the  load  of
the  metaphysis  [4];
 in  a  comparison  of  40  and  75  mm  stems,  Stern  et  al.  [5]
showed  that:
 cement  provides  the  greatest  stability,
 the  longer  the  stem,  the  greater  the  magnitude  of  micro-
movements  of  the  tibial  tray,  but  cementing  resolves  this
phenomenon.
There  is  a  choice  between:
 cementless  press-ﬁt  stems  engaged  into  the  femoral
canal,  associated  with  cementing  of  the  epiphyseal
portion  of  the  component  up  to  the  stem  junction  (hybrid
ﬁxation,  Fig.  3).  This  requires  good  quality  bone;
and  cemented  stems  in  case  of  large  BL,  more  constrained
prostheses,  in  patients  with  a  large  canal  and  a  thin  cor-
tex,  very  elderly  patients,  or  a  diaphysis  which  is  not
adapted  to  a  canal  ﬁlling  stem  (bayonet  deformity,  S-
shaped.  .  .). If  the  stem  is  to  be  cemented,  the  design  and
n
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pigure  4  Tibial  with  screws  reinforced  cement;  lateral
emoral  translation.
the  condition  of  the  surface  should  be  adequate,  and  it
should  also  be  as  short  as  the  condition  of  the  bone  allows,
to  facilitate  removal  in  case  of  re-revision.
Offset  stems  may  be  necessary  to  prevent  component
verhang  (Fig.  3),  malalignment  or  to  balance  a  ﬂexion  gap
y  translating  the  femoral  component  forwards  or  back-
ards.
liminating BL
esecting  the  base  of  the  BL  eliminates  it.  This  technique
an  be  considered  in  the  tibia  where  components  of  various
idths  and  thicknesses  are  available.
However:
 the  prosthesis  rests  on  less  resistant  bone;
 the  resection  is  less  wide  and  the  base  plate  will  be
smaller;
 the  bone  cut  becomes  round,  creating  a  risk  of  a  rotational
error;
 there  is  less  cancellous  bone,  so  cementing  will  be  less
effective.
After  a  15-mm  bone  resection,  tibial  baseplate  (smaller
nd  more  posterior)  transfers  loads  to  the  tibia  that  are  2—3
imes  greater  than  after  a  5-mm  resection  [6].
In  case  of  peripheral  BL,  translation  results  in  an  under-
ized  tibial  baseplate  resting  on  a  continuous  surface.  An
ffset  stem,  allows  translation  of  4.5  mm  [7]  or  more  with
ertain  systems.  The  size  of  the  baseplate  should  be  com-
atible  with  that  the  femoral  component.Because  there  is  only  one  thickness  for  femoral  compo-
ents,  it  cannot  compensate  for  signiﬁcant  bone  resection
too  proximal  joint  line).  Translation  of  the  component  is
ossible  (Fig.  4)  but  in  this  case,  an  undersized  component
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ﬂexion,  and  their  bony  support  opposes  rotational  forces.Femorotibial  bone  loss  during  revision  total  knee  arthroplas
must  be  chosen,  increasing  the  risk  of  instability  during  ﬂex-
ion  and/or  femoral  notches.
Medial  translation  (tibial  or  femoral),  which  is  a  factor  of
patellar  instability,  should  be  avoided.
Filling with cement
This  inexpensive  method  is  adapted  to  all  types  of  BL.
However,  during  revision  surgery,  there  are  very  few  bone
irregularities  for  the  cement  to  grip,  and  it  is  difﬁcult  to
pressurize  it  in  large  and/or  uncontained  BL.
In  an  experimental  study,  Chen  et  Krackow  [8]  showed
the  mechanical  results  of  ﬁlling  block  shaped  BL  was  better
than  wedge  shaped  BL  in  proportion  to  the  obliquity  of  the
wedge  angles.  However,  to  give  BL  a  block  shape,  bone  stock
must  be  sacriﬁced  and  the  revision  components  then  rest  on
less  resistant  cancellous  bone,  because  it  is  further  from  the
JL.
Technique
The  technical  principles  are  as  follows:
•  interposed  tissue  is  removed;
• holes  are  drilled  (3.5  mm)  into  the  condensed  bone;
•  blood  and  debris  are  removed  by  pulsatile  lavage;
•  cement  can  be  reinforced  by  screws  that  are  sunk  until
their  heads  are  a  slightly  below  the  implant  (if  there  is
contact  with  the  component,  the  cement  cannot  be  pres-
surized  and  there  is  metal-metal  contact).  The  screws,  5
or  6.5  mm  in  diameter,  are  placed  5—10  mm  apart  (Fig.  4);
• in  peripheral  BL,  during  pressurization  the  cement  should
be  contained  by  a  ﬁnger.
Results
Elia  and  Lotke  [9],  used  cement  (19  cases),  bone  graft  (12
cases)  or  customized  prostheses  (9  cases)  in  40  revision
TKA.  At  3.5  years  of  follow-up  (2—9)  the  rate  of  loosening
was  10%  with  radiolucent  lines  of  more  than  1  mm  in  52.5%
and  no  difference  among  the  three  techniques.  The  authors
increasingly  used  grafts  over  time,  and  stopped  cementing
the  stems.
In  40  revision,  TKA  Murray  et  al.  [10]  cemented  long  stems
while  ﬁlling  small  bone  defects.  After  58  months  of  follow-
up  (24—111),  a  partial,  non-progressive  radiolucent  line  of
1  mm  was  found  in  32%  of  the  cases  in  the  tibia,  in  10%  in
the  femur  and  there  was  one  complete  femoral  radiolucent
line.
Discussion
The  results  of  cement  alone  or  reinforced  with  screws  are
mediocre  [4,8]. Its  resistance  to  shear  stress  and  compres-
sion  is  low.  Thermal  bone  necrosis  can  also  occur,  as  well
as  2%  shrinkage  during  polymerization  and  lamination  when
used  in  large  quantities.
This  technique  is  used  less  and  less  often  because  of
loosening  and  frequent  immediate  and  secondary  radiolu-
cent  lines,  which  are  especially  visible  in  the  tibia  (Fig.  5).
A
t
ligure  5  Cement  ﬁlling:  a:  subtotal  radiolucent  line  at  6
ears; b:  femoral  loosening  at  14  years.
ement  is  only  indicated  in  shallow,  limited  bone  defects
specially  in  elderly  patients.
etal augments
hey  differ  depending  on  the  systems:
 block  tibial  augments  (4/8/12/16  mm,  or  5/10/15/20  mm
blocks)  or  wedge  augments  (wedge  or  half  wedges
5/10/15/20/25◦).  The  base  of  the  thickest  block  aug-
ments  should  be  beveled  at  the  base  to  prevent  bulging
under  the  skin;
distal  femoral  block  augments  (the  same  thickness
as  tibial  augments)  and  posterior  (4/8  or  5/10  mm)
augments.
They  allow  rapid  ﬁlling  of  bone  defects  that  have  been
eometrically  shaped  with  instruments.  They  provide  stable
upport  and  transfer  loading  forces  to  the  bone.
In  the  tibia:
 tibial  augments  make  it  possible  to  use  a  baseplate  that
is  larger  than  the  bone  cut  at  the  distal  part  of  the  BL,
because  the  tibia  narrows  from  the  top  to  the  bottom;
 there  are  monoblock  base  plates  including  two  block
augments  (Fig.  6b)  from  5—25  mm,  beveled  distally
[11,12].
Posterior  femoral  augments  make  it  possible  to  use  a
rosthesis  that  is  large  enough  to  obtain  stability  during lateral  posterior  augment  increases  external  rotation  of
he  femoral  component  and  distal  augments  restore  JL
evel.
Augments  are  screwed  or  cemented  to  components.
S26  D.  Huten
Figure  6  a:  posterior  femoral  augment  with  radiolucent  line;  b:  thick  tibial  base  plate.
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sxperimental  results
rooks  et  al.
rooks  et  al.  [4]  compared  different  types  of  ﬁlling  (cement,
einforced  cement,  metal  augments,  custom-made  prosthe-
es)  of  a  wedge  shaped  BL  of  the  tibia  plateau.  Bending
f  the  base  plate  after  cement  ﬁlling  was  used  as  a
eference  (100%).  During  axial  loading,  it  was  70%  with
ement  reinforced  with  screws,  17%  with  the  metal  aug-
ent,  9%  with  the  customized  prosthesis  and  for  a  varus
oad  72%,  31%  and  17%  respectively.  Thus  cement  alone  or
einforced  with  screws  is  less  effective  than  metal  aug-
ents.
hen  and  Krackow
hen  and  Krackow  [8]  compared  the  rigidity  of  the  tib-
al  baseplate  after  ﬁlling  a  wedge  shaped  BL  of  20◦ with
 wedge  shaped  or  a  block  shaped  augment.  Results  were
lightly  better  with  the  block,  but  the  differences  were  not
igniﬁcant.
ehring  et  al.  [13]
ehring  et  al.  [13]  compared  the  distribution  of  tibial  strains
o  the  tibia  from  a  stemmed  tibial  baseplate  with  wedge  or
lock  augments,  and  did  not  ﬁnd  any  signiﬁcant  difference
etween  the  two.  Nevertheless,  the  baseplate  and  block
ugments  resisted  torsional  forces  better  and  there  was  less
istribution  of  loads  to  the  tibia.
echniqueone  cuts  should  be  made  after  determining  rotation  of  the
omponent  with  the  trial  stem  in  place,  as  these  variables
hange  the  position  of  the  augment.  The  choice  between
 block  and  a  wedge  depends  on  the  shape  of  the  BL.  It  is
u
a
t
tot necessary  to  remove  all  of  the  BL.  The  residual  BL  will
e  ﬁlled  with  cement  or  a  bone  graft.  When  the  augment  is
esting  on  condensed  bone,  the  cement  can  penetrate  the
rill  holes.
esults
he  results  of  tibial  wedges,  ﬁrst  used  for  primary  TKA  were
atisfactory  at  mid-term  follow-up  although  there  were  fre-
uent  radiolucent  lines  [12].
Augments  are  often  used  in  revision  TKA.
In  the  published  series  [10,12,14,15]  (Table  1):
they  are  more  frequently  used  in  the  femur  where  only
one  component  is  available,  and  where  the  risk  of  non-
union  of  the  bone  graft  is  high  (bone  cut  surfaces  are
reduced);
it  adressed  moderate  peripheral  BL  (types  1  et  2);
a  stem  was  always  associated  with  the  augments;
 mid-term  results  were  satisfactory,  with  frequent  radiolu-
cent  lines  [15], especially  in  the  tibia  because  they  are
more  visible.  The  are  often  found  early,  which  suggests
poor  penetration  of  the  cement  into  bone  that  is  dense
and  without  irregularities.
Hockman  et  al.  [16]  showed  the  limits  of  augments  in  a
tudy  of  54  TKA  revisions  with  more  than  5  years  of  follow-
p.  BL  were  large  (48%  type  3).  Augments  were  used  in  89%
f  the  cases  and  structural  allografts  in  48%,  always  with
tems.  Failures  (9  repeat  revisions  and  8  non-revised  fail-
res)  were  more  frequent  in  the  absence  of  a structural
llograft  (42.9%  versus  19.2%).  This  may  be  explained  by
he  smaller  cancellous  bone-cement  surface  interface  when
here  is  no  allograft.
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Table  1  Augments.
Revisions  BL  Number  of
augments
Stems  Follow-up
(years)
Repeat
revision
Radiolucent
lines
Survival
Haas  et  al.,
1995  [14]
76  ?  Tibia:  25
Femur:  23
Cementless  3.6  (2—9)  6  including
Infection:  3
Loosening:  2
? 83%  at  8
yearsa
Rand,  1996
[15]
41  ?  Tibia:  10
Femur:  30
Cementless
or  cemented
3.1  (2.5—5)  0  61  %  ?
Gofton et  al.,
2002  [11]
91  Types  1
and  2
Tibia:  15
Femur:  65
Cementless  5.9  (4.1—8.6)  5  including
Infection:  1
Loosening:  2
Femur:  6.3%
Tibia:
frequent
93.5  —  8.6
yearsb
Patel  et  al.,
2004  [12]
102  Type  2  Tibia:  20
Femur:  151
Cementless  7  (5—11)  6  including
Infection:  2
Loosening:  3
Femur:  7.3%
Tibia:  15%
92%  —  11
yearsb
BL: bone loss.
a Event: repeat revision, or recommended repeat revision.
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Discussion
Augments  facilitate  revisions  with  limited  peripheral  BL,  and
fears  of  separation  and  corrosion  are  unfounded.  The  limita-
tion  of  this  option  is  ﬁxation  with  cement  in  mediocre  bone.
There  is  no  consensus  on  the  maximum  size:  less  than  20  mm
[7],  or  even  less  than  10  mm  [11,12].  And  yet  thicker  aug-
ments  exist,  up  to  3  cm  [17]  but  in  the  tibia  there  is  a  risk  of
a  painful  subcutaneous  bulge,  and  in  the  femur,  thick  distal
augments  can  prevent  bone-intercondylar  spacer  contact,
and  thus  limit  stable  rotation.
It  would  be  wise  to  limit  the  use  of  augments  to  BL  of
5—10  mm  and  for  more  extensive  BL  in  older  or  less  active
patients.
Bone grafts
The  goal  of  bone  grafts  is  to  recontruct  bone  stock.  They
require  preparation  of  host  bone:  debridement,  preserving
the  peripheral  rim  of  bone  including  ligament  insertions,  and
drilling  condensed  bone.
Autografts
The  availability  of  autografts  is  extremely  limited,  (resected
bone,  preparation  of  the  intercondylar  notch).
Sometimes,  certain  bone  cavities  and  small  peripheral
bone  defects  can  be  ﬁlled  with  an  autograft.  Dorr  et  al.  [18]
provided  a  good  description  of  this  procedure  in  the  tibia,
with  two  failures/14  revisions  (without  stems)  performed
with  13  autografts  (9  resected  bone  and  4  harvested  from
the  iliac  crest)  and  one  allograft.The  autografts  are  only  used  to  ﬁll  very  small  bone
defects,  or  to  graft  the  allograft-host  bone  interface.  Har-
vesting  from  the  iliac  crest  may  be  indicated  when  grafting
metaphyseo-diaphyseal  fractures.
F
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tllografts
rozen  allografts  provide  solid  grafts  that  are  available  and
asy  to  work  with  but  are  associated  with  numerous  risks:
 transmission  of  viral  diseases;
 risk  of  infection  which  is  reduced  by  25  kGy  radiation
treatment  that  barely  affects  the  solidity  of  a frozen  allo-
graft  [19];
 immunological  reaction,  whose  risk  is  reduced  by  ablation
of  the  bone  marrow  by  lavage.
Freeze  dried  bone  maintains  its  original  mechanical  prop-
rties,  but  is  more  fragile  because  of  radiation  and  more
ifﬁcult  to  work  with.
Union  can  be  obtained  between  the  allograft  and  host
one.  The  cement  penetrates  the  cancellous  bone,  which
elps  ﬁxation  of  the  prosthesis  after  union.  Nevertheless
19]:
 allografts  are  not  incorporated  (less  than  10%),  especially
cortical  allografts;
 the  risk  of  infection  is  6—13%  and  of  non-union  and  frac-
ture  is  15—20%;
 there  is  a risk  of  macrophagic  resportion.
Morselized  allografts  have  no  immediate  resistance  but
hey  can  be  incorporated  and  are  remodelled  in  reaction  to
urrounding  loading  pressures.
orselized  grafts
rafts  approximately  5  mm  (3—10)  in  size  can  be  packed
round  an  implant  ﬁxed  by  mean  of  a  stem  or  strongly  packed
nto  the  BL  before  placing  the  implant.
illing  around  a  prosthesis.  Whiteside  [20]  reported  the
esults  of  110  revision  TKA  with  long  stem  cementless  com-
onents  (150—200  mm)  press-ﬁt  into  the  isthmus,  in  type  3
ibial  (42)  and  femoral  (35)  BL  or  both  (28),  with  at  least
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ne  third  of  the  peripheral  rim  intact.  Once  the  compo-
ents  were  in  place  the  BL  was  ﬁlled  with  bone  fragments
ombined  with  bone  marrow  and  bone  obtained  by  reaming.
eight  bearing  was  partial  for  6—12  weeks.  After  60—127
onths  of  follow-up,  two  revisions  were  necessary  and  loos-
ning  of  the  tibial  component  occurred  in  1  patient.  Bone
raft  density  had  increased  after  one  year  in  31  patients  in
he  tibia  and  in  28  in  the  femur.  Fourteen  biopsies  of  these
rafts  [21]  showed  the  presence  of  new  bone  after  3  weeks,
nchondral  ossiﬁcation  at  6  months  and  lamellar  bone  after
8  months.  Hanna  et  al.  [22]  used  this  technique  in  56  revi-
ion  TKA  with  manually  packed  freeze  dried  grafts  mixed
ith  autologous  blood.  The  graft  seemed  to  be  incorporated
n  96%  of  the  cases.  After  7.3  years  (4—10),  ﬁve  revisions
ere  necessary  but  this  was  not  related  to  the  graft.  Graft
urvival  at  10  years  was  98%  (event:  revision  with  change  or
emoval  of  the  implant).
mpacted  allografts.  This  is  the  equivalent  of  the  Exeter
echnique.  Animal  and  cadaver  studies  reported  by  Toms
t  al.  [23]  have  shown  that  morselized  grafts  impacted  into
piphyseal  BL  result  in  excellent  immediate  stability  with  a
emented  component.  This  is  also  true  after  graft  impaction
n  BL  contained  by  a  metallic  mesh.  Nevertheless,  the  best
tability  was  obtained  with  an  augmentation  wedge  (study
f  tibias  in  resin  [24]).
Results.  The  ﬁrst  series  reported  by  Toms  et  al.  [23]
ncluded  very  few  cases.  Two  of  the  more  recent  series
Table  2)  describe  the  use  of  pourous  coated  implants  (under
he  tibial  base  plate  and  on  the  proximal  parts  of  the  stems),
emented  [25]  or  uncemented  [26]  on  the  surfaces  of  the  of
he  bone  cuts  [25]. The  others  [3,27—29]  involve  cemented
tem  prostheses.
The  graft  was  contained  [28,29]  or  not  [27]  by  a  mesh.
he  results  were  satisfactory  at  mid-term  follow-up.  The
s
u
S
t
Table  2  Impaction  bone-grafting.
Number  of
cases
BL  Ste
Bradley,  2000  [26]  21  ?  LC
(85
Ce
Benjamin et  al.,  2001  [27]  33  Type  2  usually  Ce
(95
Ce
(50
Lonner et  al.,  2002  [28]  17  ?  Ce
co
me
Barden et  al.,  2004  [25]  20  Hinged  revision  LC
(85
Lotke et  al.,  2006  [29]  48  Types  2  and  3  Ce
co
un
Steens et  al.,  2008  [3] 34 Hinged  revision  Ce
pro
BL: bone loss; LCS: low contact stress.D.  Huten
ate  of  repeat  loosening  was  low  and  bone  reconstruction
as  apparently  obtained.  The  authors  [27]  described  visible
emodeling  of  the  graft  at  1  year  and  its  capacity  to  support
he  components.  In  the  rare  cases  of  revision  surgery  the
raft  had  consolidated  and  the  biopsy  [26]  showed  newly
ormed  bone  in  the  graft.
Discussion.  Metallic  meshs,  plates  and  bone  struts  can
elp  contain  peripheral  BL.  Residual  BL  can  be  ﬁlled  with
ugments  [27]. Experience  and  speciﬁc  instruments  are
eeded  for  this.  This  technique  is  a  good  option  in  young
atients  (Fig.  7).
tructural  grafts
ngh  technique.  A  partially  or  completely  contained  BL  is
ransformed  into  a hemispheric  cavity  by  reaming  in  the
irection  of  loading  forces  until  cancellous  bone  is  reached.
t  is  ﬁlled  with  a  debrided  femoral  head  with  a  female
eamer,  which  exposes  cancellous  bone.  The  diameter  is
—2  mm  larger  than  the  male  reamer,  so  that  the  graft  can
e  embedded,  attached  with  pins  that  do  not  interfere  with
one  resection  or  preparation  of  the  stem  insertion.  Resid-
al  BL  can  be  ﬁlled  with  an  augment.  There  is  union  of  the
raft  and  host  bone  and  the  cement  penetrates  the  cancel-
ous  bone  of  the  graft,  thus  stabilizing  the  prosthesis  at  the
etaphysis.
Engh  and  Ammeen  [1]  reported  their  results  in  49  revi-
ions  with  tibial  type  3  BL.  The  stems  usually  ﬁlled  the  canal
nd  were  cementless  (hybrid  ﬁxation).  At  97  months  (61—91)
here  were  nine  revisions  including  four  with  repeat  revi-
ion  (61—191),  none  were  due  to  reconstruction.  Only  the
ncontained  peripheries  of  grafts  were  partially  resorbed.
urvival  at  10  years  was  93%  (event:  removal/change  of  the
ibial  component).
ms  Follow-up  Repeat  revision
S  revision
—105  mm):  18/21
mentless:  16/21
33  months
(6—62)
1  loosening
mentless  stems
—140  mm)
mented  stems
—105  mm)
10—72  months  None
mented  in  the  graft
ntained  by  metallic
sh
21  months
(6—40)
None
S  revision
—105  mm):  19/40
5.3  years
(2.3—10.5)
1  loosening
1 infection
mented  in  the  graft
ntained  by  a  cage  par
 grillage
3.8  year
(2—6.5)
1  infection
(arthrodesis)
mented  hinged
stheses
4  years  (2—9)  5  loosening
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L  (a)
i
•
•Figure  7  Filling  of  central  B
After  41  months  (20—62)  of  follow-up  Parks  and  Engh  [30]
studied  the  histology  of  seven  of  these  allografts  and  two
autografts  (primary  TKA).  These  were  postmortem  studies
(5  allografts  and  2  autografts)  or  biopsies  (2  allografts).  All
the  bone  was  living  in  the  two  autografts.  The  allografts
were  intact  but  not  vascularized.  There  was  bone  apposi-
tion  at  the  interface  of  the  host  bone  except  in  areas  where
subchondral  bone  had  been  left.
Massive  allografts.  In  case  of  BL  in  a  tibial  or  femoral
condyle,  the  graft  (femoral  head  from  the  bone  bank  or
massive  bone  allograft)  and  the  host  bone  are  modiﬁed  to
obtain  a  stable  interface.  Despite  its  inconveniences  screw-
ing  (weakening)  is  the  best  ﬁxation  technique  (Fig.  8).
•
Figure  8  BL  of  the  medial  tibial  plate  (a  a with  a  morselized  graft  (b).
In case  of  BL  in  both  condyles  a  massive  bone  allograft  is
ndispensable:
length  is  estimated  by  creating  axial  traction  on  the
extended  knee;
stability  is  obtained  by  ﬁtting  or  step-cutting  which  takes
into  account  rotation.  The  cancellous  graft  should  be  in
contact  with  the  host  bone.  The  graft  should  not  be  carved
too  much,  it  will  weaken  it  and  favor  resorption  (perfora-
tions  and  exposed  cancellous  bone  should  be  cemented);
 ideally  the  allograft  should  be  attached  to  the  host  bone
by  the  stem  alone  but  additional  internal  ﬁxation  may  be
necessary  (screws,  plate).  To  avoid  using  a  plate,  cortical
nd  b).  Allograft  with  screw  ﬁxation  (c).
S30  D.  Huten
Table  3  Massive  allografts.
Revisions Follow-up
(years)
Revised
infection
(%)
Revised
cpln  due  to
the  graft  (%)
Other
revisions
(%)
Pseudarthosis
fracture  no
revision  (%)
Non-revised
other  cpln
(%)
Wilde  et  al.,  1990  [35]  30  4.2  (2—11)  10  6.7  6.7  0  0
Stockley et  al.,  1992  [34]  32  4.2  (2—7)  10.7  0  0  7.1  0
Ghazavi et  al.,  1997  [17]  30  4.2  (2—11)  10  6.7  6.7  0  0
Clatworthy et  al.,  2001  [33]  52  8.1  (5—15.9)  7.7  11.5  3.8  1.9  1.9
Backstein et  al.,  2006  [31] 61 5.4  (1—16)  4.9  9.8  4.9  0  1.6
(infection)
Bauman et  al.,  2009  [32] 70  7.5  7.1  11.4  4.4  6  18.6
•
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MCpln: complication.
allograft  struts  wrapped  in  cerclage  wires  may  be  used.
Plates  and  struts  can  compromise  closure;
 the  size  of  the  implant  will  be  chosen  according  to  the  size
of  the  host  epiphysis  (be  careful  of  large  implants  which
can  prevent  closing);
 the  implant  and  stem  are  cemented  to  the  graft  (without
any  cement  between  the  graft  and  host  bone  interface).
The  stem  is  cemented  into  the  shaft  of  the  host  or  press-
ﬁt.  Long  stems  which  extend  beyond  the  isthmus  should
be  used;
 the  interface  is  grafted;
 the  remaining  bone  fragments  and  their  attached  liga-
ments  are  attached  to  the  graft;
 an  articulated  knee  brace  controls  knee  rehabilitation.
Weight  bearing  is  partial  for  6  weeks  and  full  after  union
(3—4  months).It  is  difﬁcult  to  compare  the  results  of  published  series
17,31—35]  (Table  3)  because  they  differ  in  type  of  BL,
raft  ﬁxation,  length  and  type  of  stem  ﬁxation,  constraint
U
c
d
Figure  9  a:  repeat  tibial  loosening;  b:  tibial  sleeve;  c:  
Courtesy  of  the  Def  the  prosthesis  and  follow-up.  Considering  the  complexity
f  these  revisions,  short  and  mid-term  results  are  good.
evertheless,  the  rate  of  complications  (infection,  loosen-
ng  with  collapse  of  the  graft,  non-union,  fracture,  laxity)
s  high.  The  most  severe  risk  is  infection,  which  may  have
ifferent  causes.
The  recent  series  by  Bauman  et  al.  clearly  showed  the
imits  of  this  technique  [32]. Seventy  cases  were  followed
p  for  more  than  5  years  (or  until  revision  or  death  of
he  patient).  Repeat  revision  was  necessary  in  22.8%  after
2  months  (1—68).  Graft  survival  (event:  any  revision)  was
5.9%  at  10  years.  The  authors  concluded  that  structural
llografts  should  be  reserved  to  very  large  contained  BL.
etaphyseal sleeves and conesnlike  bone  grafts  which  adapt  to  the  host  bone,  with  these
omponents  the  remaining  bone  must  be  adapted  to  the
evice.
osteointegration  after  2  years  (CT  scan);  d:  Sleeves.
puy  company.
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Pourous  titanium  metaphyseal  sleeves
They  are  cone  shaped  with  various  sizes  and  lengths  and
adapted  to  the  methaphysis.  The  surface  texture  is  stepped
and  coated  with  porous  titanium.  The  interface  between
the  sleeve  and  the  stem  is  a  morse  taper.  After  it  has  been
incorporated  the  sleeve  transfers  loading  forces  to  the  bone
and  opposes  rotation.
Bone  preparation  is  centered  on  the  stem  and  performed
with  a  rasp  whose  form  is  the  same  as  the  sleeve  and  the
stem.  The  periphery  of  the  BL  should  be  strong  enough  to
stabilize  the  augment.  Rotation  of  the  sleeve  can  be  differ-
ent  from  that  of  the  stem.  After  49  months  (24—74)  results
of  the  use  of  the  sleeve  with  the  hinged  implant  S-ROM
and  cement  on  bone  cut  surfaces,  were  satisfactory  [36].
ﬁ
s
c
Figure  10  a:  femoral  osteolysis  after  fracture;  
Courtesy  of  ZS31
his component  can  only  be  used  with  implants  from  one
ompany  (Fig.  9).
antalum  cones
antalum  is  a  resistant  metal  whose  elasticity  is  between
hat  of  cortical  and  subchondral  bone.  Its  friction  coefﬁcient
s  high.  It  is  available  in  tibial  and  femoral  cones  of  differ-
nt  shapes.  The  porosity  (70—80%)  allows  incorporation  by
he  host  bone  and  penetration  of  the  cement  to  strengthen
xation  to  implant  components  (Fig.  10).
The  bone  is  prepared  with  a  rasp  and/or  a burr  so  the
elected  cone  can  be  ﬁtted  using  an  impactor  and  the  trial
omponent  with  its  stem  but  preparation  is  not  necessarily
b  and  c:  femoral  and  tibial  cones;  d:  cones.
immer.
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entered  on  the  stem.  In  peripheral  BL,  only  the  distal  part
f  the  cone  is  ﬁtted.  Once  a  stable  position  has  been  found
he  gaps  between  the  bone  and  the  cone  are  ﬁlled  (allograft,
one  substitute)  to  avoid  penetration  by  cement.  Often  the
rosthesis  is  only  resting  on  part  of  the  cone  whose  rotation
s  different  from  the  prosthesis.
esults
eneghini  et  al.  [37]  reported  results  in  15  tibial  recons-
ructions  with  cones  in  type  2B  or  3  BL.  After  34  months
24—47),  there  was  reactive  osseous  trabeculation  between
he  bone  and  the  cone,  with  no  radiolucent  lines  or  loosen-
ng.  Three  immediate  partial  radiolucent  lines  were  found
round  the  stem  (30—155  mm)  which  did  not  progress.
steointegration  was  conﬁrmed  in  four  revisions  (2  infec-
ions,  1  femoral  loosening,  1  fracture).
Long  et  Scuderi  [38]  described  16  tibial  reconstructions
f  the  same  type,  in  type  2  or  3  tibial  BL.  At  31  months
24—38),  there  were  signs  of  osteointegration  of  the  cones.
wo  infections  required  removal  of  a  well-ﬁxed  cone.
Howard  et  al.  [39]  concluded  that  femoral  cones  were
ffective  in  24  revisions  after  33  months  of  follow-up
24—56).
iscussion
leeves  and  cones  have  several  advantages  over  allografts:  a
impler  technique,  no  risk  of  transmitting  viral  or  bacterial
nfection,  shorter  surgery,  and  possibly  more  durable  ﬁxa-
ion.  They  can  be  associated  with  augments  and/or  bone
rafts.  However,  they  may  be  difﬁcult  to  remove.
Cones  are  compatible  with  most  TKA  systems  and  their
lacement  can  differ  from  that  of  the  implant.  Their  rough
urface  can  impinge  upon  soft  tissues.  The  tendency  is  to
ombine  them  with  short  cemented  stems  to  ensure  the  nec-
ssary  stability  for  osteointegration  of  the  cone  [37]. Once
his  is  obtained,  the  implant  is  in  fact  solidly  attached  to  the
etaphysis  via  the  cone  and  a  long  stem  is  not  necessary.
his  is  also  true  for  sleeves.
egaprostheses
hey  have  the  best  mechanical  properties  [4].  Customized
rostheses  are  expensive,  require  speciﬁc  measurements,
ake  several  weeks  to  manufacture,  and  may  still  end  up
ot  ﬁtting.  They  have  been  replaced  by  modular  systems,
ith  a  large  choice  of  femoral  and  tibial  components  and
tems:
 Springer  et  al.  [40]  reported  results  in  26  rotating  hinged
modular  systems  (including  22  for  revision).  At  58.5
months,  8  patients  presented  with  complications  includ-
ing  ﬁve  infections  and  one  ruptured  axis;
 Pour  et  al.  [41]  reported  an  even  higher  complication  rate
after  1.7  years  of  follow-up  with  the  same  system  in  44
revisions  (3  infections,  4  loosenings  and  1  periprosthetic
fracture).The  surgical  procedure  and  rehabilitation  are  rapid.  The
ate  of  infection,  which  is  often  followed  by  amputation,
nd  the  risk  of  short  term  mechanical  complications  shouldD.  Huten
imit  this  choice  to  elderly  patients  with  very  large  BL  or
omplex  periprosthetic  fractures.
onclusions
he  treatment  of  BL  depends  on  the  type,  the  size,  the
uality  of  bone,  and  the  patient’s  age  and  level  of  activity.
Bone  resection  should  eliminate  bone  that  is  too  frag-
le,  while  sacriﬁcing  as  little  healthy  bone  as  possible.  This
hoice  is  a compromise.
Contained  BL  respects  the  periphery  of  the  components.
ementing  is  only  indicated  in  small  BL,  especially  in  elderly
atients.  Otherwise  there  is  a  choice  between  morselized
rafts  (young  patients)  and  a  femoral  head,  while  metaphy-
eal  sleeves  and  cones  also  play  an  important  role  in  central
L.
Uncontained  BL  are  more  difﬁcult  to  manage:
 cement  alone  or  reinforced  with  screws  may  be  used  in
very  small  BL;
 metal  augments  can  ﬁll  BL  no  larger  than  1  cm,  or  2  in
elderly  subjects;
 as  long  as  one  third  of  the  peripheral  rim  and  a  good
part  of  the  metaphysical  cortex  is  intact,  morselized  or
structural  allografts  can  be  used  for  reconstruction.  Graft
reconstruction  is  easier,  and  the  contact  surface  with
the  graft  is  larger  in  the  tibia.  Metaphyseal  sleeves  and
cones  are  increasingly  replacing  allograft  use.  They  both
increase  the  interface  of  ﬁxation  between  the  prosthesis
and  remaining  metaphyseal  bone,  so  that  ﬁxation  is  not
limited  to  the  stem;
when  the  epiphysis  is  nearly  inexistent,  there  is  a  choice
between  a  massive  allograft  (young  patients)  and  a
megaprosthesis  (elderly  patients)  as  a  salvage  technique;
diaphyseal  BL  is  ﬁlled  with  an  auto/allograft  wrapped  in
cerclage  wires.
Different  techniques  are  often  combined  (aug-
ent  +  bone  graft  or  metaphyseal  sleeve  or  cone. .  .).
Durability  of  the  reconstruction  depends  on  other  essen-
ial  parameters:  alignment,  ligament  balance,  constraint  of
he  prosthesis,  stem  ﬁxation.  Research  is  based  on  devel-
ping  a system  of  resistant  metaphyseal  ﬁxation  (with
n  allograft,  or  a  component  which  can  be  incorporated
sleeves,  cones. .  .]), combined  with  a  short  stem.
isclosure of interest
he  author  declares  that  he  has  no  conﬂicts  of  interest  con-
erning  this  article.
eferences
[1] Engh GA, Ammeen DJ. Use of strucutural allograft in revision
TKA in knees with severe bone loss. J Bone Joint Surg Am
2007;89:2640—7.
[2] Burdin P, Brihault J. Classiﬁcation des pertes de substance
osseuse. In: Burdin P, Huten D, editors. Reprises de prothèses
totales du genou. Paris: Elsevier; 2003. p. 10—6.
ty  
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[Femorotibial  bone  loss  during  revision  total  knee  arthroplas
[3] Steens W, Loehr J, Wodtke J, Katzer A. Morselized bone grafting
in revision TKA: a retrospective analysis of 34 reconstructions
after 2—9 years. Acta Orthop 2008;79:683—8.
[4] Brooks PJ, Walker PS, Scott RD. Tibial component ﬁxation in
deﬁcient tibial bone stock. Clin Orthop 1984;184:302—8.
[5] Stern SH, Wills RD, Gilbert JL. The effect f tibial stem design
on component micromotion in knee arthroplasty. Clin Orthop
1997;345:44—52.
[6] Berend ME, Small SR, Ritter MA, Buckley CA. The effects of
bone resection depth and malalignment on strain in the proxi-
mal tibia after TKA. J Arthroplasty 2010;25:314—8.
[7] Radnay CS, Scuderi GR. Management of bone loss: augments,
cones, offset stems. Clin Orthop 2006;446:83—92.
[8] Chen F, Krackow KA. Management of tibial defects in TKA. A
biomechanical study. Clin Orthop 1994;305:249—57.
[9] Elia EA, Lotke PA. Results of revision TKA associated with sig-
niﬁcant bone loss. Clin Orthop 1991;271:114—21.
[10] Murray PB, Rand JA, Hanssen AD. Cemented long stem revision
TKA. Clin Orthop 1994;309:116—23.
[11] Gofton WT, Tsigaras H, Butler RA, Patterson JJ, Barrack RL,
Rorabeck CH. Revision TKA: ﬁxation with modular stems. Clin
Orthop 2002;404:158—68.
[12] Patel JV, Masonis JL, Guerin J, Bourne RB, Rorabeck CH. The
fate of augments to treat type-2 bone defects in revision
arthroplasty. J Bone Joint Surg Br 2004;86:195—9.
[13] Fehring TK, Peindl RD, Humble RS. Modular tibial augmenta-
tions in TKA. Clin Orthop 1996;327:207—17.
[14] Haas S, Insall JN, Montgomery W, Windsor R. Revision TKA
with use of modular components with stems inserted without
cement. J Bone Joint Surg Am 1995;77A:1700—7.
[15] Rand JA. Modularity in TKA. Acta Orthop Belg 1996;62(Suppl.
I):181—6.
[16] Hockman DE, Ammeen DJ, Engh GA. Augments and allografts in
revision TKA: usage and outcome using modular revision pros-
thesis. J Arthroplasty 2005;20:35—41.
[17] Ghazavi MT, Stockley I, Gilbert Y, Davis A, Gross A. Reconstruc-
tion of massive bone defects with allograft in revision TKA. J
Bone Joint Surg Am 1997;79:17—25.
[18] Dorr LD, Ranawatt CS, Sculco TA, Mc Kaskill B, Orisek BS. Bone
grafting for tibial defects in total knee arthroplasty. Clin Orthop
1986;205:153—65.
[19] Delloye C, Cornu O, Druez V, Barbier O. Bone allografts: what
they can offer and what they cannot? J Bone Joint Surg Br
1997;89:574—80.
[20] Whiteside LA. Cementless ﬁxation in revision TKA. J Bone Joint
Surg Br 2008;90:981—7.
[21] Whiteside LA, Bicalho P. Radiologic and histologic analy-
sis of morselized allograft in revision TKA. Clin Orthop
1998;357:149—56.[22] Hanna SA, Aston JS, de Roeck NJ, Gough-Palmer A, Powles DP.
Cementless revision TKA with bone grafting of osseous defects
restores bone stock with a low revision rate at 4—10 years. Clin
Orthop 2011;469:3164—71.
[S33
23] Toms AD, Barker RL, Jones RS, Kuiper JH. Current concept
review. Impaction bone grafting in revision joint replacement
surgery. J Bone Joint Surg Am 2004;86:2050—60.
24] Toms AD, Barker RL, McClelland D, Chua L, Spencer-Jones
R, Kuiper JH. Repair of defects containment in revision TKA:
a comparative biomechanical analysis. J Bone Joint Surg Br
2009;91:271—7.
25] Barden B, Fitzek JG, Loër F. Rotating platform compo-
nents for revision of hinged knee prostheses. Clin Orthop
2004;423:144—51.
26] Bradley GW. Revision total knee arthroplasty by impaction bone
grafting. Clin Orthop 2000;371:113—8.
27] Benjamin J, Engh G, Parsley B, Donaldson T, Coon T. Morsel-
lized bone of defects in revision TKA. Clin Orthop 2001;392:
62—7.
28] Lonner JH, Lotke PA, Kim J, Nelson C. Impaction grafting and
wire mesh for uncontained defects in revision arthroplasty. Clin
Orthop 2002;404:145—51.
29] Lotke PA, Carolan GF, Puri N. Impaction grafting for bone
defects in revision TKA. Clin Orthop 2006;446:99—103.
30] Parks NL, Engh GA. Histology of nine structural bone grafts used
in total knee arthroplasty. Clin Orthop 1997;345:17—23.
31] Backstein D, Saﬁr O, Gross A. Structural grafts in revision total
knee arthroplasty. Clin Orthop 2006;446:104—12.
32] Bauman RD, Lewallen DG, Hanssen AD. Limitations of struc-
tural allografts in revision total knee arthroplasty. Clin Orthop
2009;467:818—24.
33] Clatworthy MG, Ballance J, Brick GW, Chandler HP, Gross AE.
The use of structural allograft for uncontained defects in revi-
sion TKA. A minimum ﬁve years review. J Bone Joint Surg Am
2001;83(3):404—11.
34] Stockley I, Mc Auley JP, Gross AE. Allograft reconstruction in
TKA. J Bone Joint Surg Br 1992;74:393—7.
35] Wilde AH, Schickendantz MS, Stulberg BN, Go RT. The incor-
poration of tibial allografts in TKA. J Bone Joint Surg
1990;72(6):815—24.
36] Jones RE, Barrack RL, Skedros J. Modular, mobile-bearing hinge
TKA. Clin Orthop 2001;392:306—14.
37] Meneghini RM, Lewallen DG, Hanssen AD. Use of porous tan-
talum metaphyseal cones for severe tibial loss during revision
TKA. J Bone Joint Surg Am 2008;90:78—84.
38] Long WJ,  Scuderi GR. Porous tantalum cones for large meta-
physeal defects in revision TKA. J Arthroplasty 2009;24:
1086—92.
39] Howard JL, Kudera T, Lewallen DG, Hanssen AD. Results of the
use of tantalum femoral cones for revision TKA. J Bone Joint
Surg Am 2011;93:478—84.
40] Springer BD, Sim FH, Hanssen AD, Lewallen DG. The modu-
lar segemental kinematic rotating hinge for nonneoplastic limb
salvage. Clin Orthop 2004;421:181—7.
41] Pour AE, Parvizi J, Slenker N, Purtill JJ, Sharkey PF. Rotating
hinge total knee replacement: use with caution. J Bone Joint
Surg Am 2007;89A:1735—41.
